This paper reports the results of a meta-study of 89 prisoner's dilemma experiments comprising more than 3000 participants across 6 countries. We organize existing evidence and explain seemingly contradictory results in the existing literature by focusing on two dimensions of the dilemma: "risk" (the percentage loss of unilaterally cooperating against a defector) and "temptation" (the percentage gain of unilaterally defecting against a cooperator). We find in particular, that (i) risk best explains the variation in cooperation rates across random matching ("stranger") and one-shot treatments, while (ii) temptation best explains the variation in repeated ("partner") interactions, (iii) consistently with reputational models temptation is more effectively contained the longer the time horizon of the game, (iv) there is more cooperation in partner than stranger if and only if risk is high and temptation low and (v) women are more cooperative than the average man if risk is low and less cooperative if risk is high, but there are no gender differences on average. These results can be useful for discriminating between competing theories of why people cooperate. For policy making, it is important to understand which dimension of the dilemma (risk or temptation) is best targeted via interventions to yield improved cooperation.
Introduction
The prisoner's dilemma has been studied for over 50 years in areas as diverse as Biology, Economics, Political Science, Physics, Psychology or Sociology as a workhorse to understand civic behaviour or why people cooperate in social dilemma situations. Different theories of human cooperation have been proposed (Dresher (1961) ; Kreps et al. (1982) ; Axelrod (1984) ; Hamerstein (2003) ; Fischbacher et al. (2001) ) and different factors favourable or unfavourable to cooperation have been studied in laboratory experiments (Andreoni and Miller (1993) ; Andreoni and Varian (1999) ; Bereby-Meyer and Roth (2006) ; Grimm and Mengel (2009) ; Friedman and Oprea (2012) ). While there is agreement in the literature on some matters, the evidence is mixed on a number of other issues such as the role of the matching protocol (Andreoni and Croson (2008) ), the importance of backward induction (Embrey et al. (2014) ) or gender differences (Croson and Gneezy (2009)) .
In this paper we try to organize existing evidence and explain seemingly contradictory results in the existing literature by focusing on two dimensions of the dilemma: "risk" and "temptation". We define "temptation" (TEMPT) as the percentage gain when unilaterally defecting against a cooperator and "risk" (RISK) as the percentage loss of unilaterally cooperating against a defector.
1 Both are reasons why cooperation may fail: if a player is confident that her opponent cooperates, then she will be tempted to defect herself and reap the highest possible payoff unilaterally. If a player, however, is unsure about her opponent's action then she will hesitate to cooperate, because she faces the risk that her opponent defects leaving her with the lowest possible payoff.
Our analysis is based on a meta-study of 89 prisoner's dilemma experiments with more than 3000 participants across 6 countries. Studies include exogenous random matching ("stranger") and fixed matching ("partner") treatments with 2x2 prisoner's dilemma games played for finitely many rounds without pre-play communication. Average cooperation rates across these 89 studies range from 0.04 to 0.84 with a mean of about 0.38.
We find that RISK best explains variation in cooperation rates across random matching ("stranger") and one-shot treatments, where people have no prior experience with their matches and hence face large uncertainty. Neither temptation, nor efficiency nor any of ten other indices used in previous literature can explain this variation once RISK is controlled for. This is consistent with a simple model of behaviour, where people reduce uncertainty by using pessimistic beliefs.
2
Results are different in the partner (repeated game) condition. Here risk plays a minor role and it is mostly our measure of temptation (TEMPT) that can explain variation in cooperation rates. However, RISK as well as some other indices from the literature play a role as well in the partner setting. Consistently with reputational models (Kreps et al. (1982) ) temptation is more effectively curbed (less detrimental to cooperation rates) the longer the time horizon.
In terms of the comparison between partner and stranger settings we find that there is more cooperation in partner than stranger if and only if risk is high (above median) and temptation is low (below median). Women are more cooperative than the average man if and only if risk is low and less cooperative if and only if it is high, but there are no gender differences on average across the studies considered. The fact that both these comparisons are mediated by the RISK and TEMPT measures can explain why previous literature (usually relying on one set of parameters) has found such mixed results (see Andreoni and Croson (2008) or Croson and Gneezy (2009) 
for surveys).
Disentangling the role of risk and temptation in social dilemma situations can help decide in which of two games higher cooperation rates can be expected, which can in turn inform the design of mechanisms and policy. If e.g. two game forms Γ 1 and Γ 2 present the same level of efficiency, but Γ 1 has more risk and less temptation than Γ 2 , then our results suggest that Γ 2 may be more conducive to high cooperation rates than Γ 1 in Stranger settings, while the reverse would be true in Partner settings. It can also help discriminate between theories of cooperation. Our results show, for example, that theories focused on risk, such as e.g. theories of conditional cooperation, should have good chances to explain behaviour in random matching situations. Those theories assume that agents are intrinsically motivated to cooperate as long as others do so as well (Fischbacher et al. (2001) ; Mengel (2007) ). On the other hand, theories focused on creating incentives for cooperation (or avoiding temptation), should have better chances in Partner settings. Results can also help policy-makers to understand which aspect of the dilemma is best targeted to design more effective interventions. For example, interventions focused on reducing strategic uncertainty should be more effective in Stranger settings, where risk explains most of the variation in cooperation rates.
3,4
The question of how indices derived from payoff parameters can predict cooperation rates in the prisoner's dilemma has attracted a lot of research in the late 1970-ies and 1980-ies. Much of this research is summarized in Murnighan and Roth (1983) . The focus of this literature was not so much to distinguish risk and temptation, but rather to find one index, which typically mixes risk, temptation and efficiency, that is able to "summarize" incentives in the prisoner's dilemma. In Section 5 we compare the performance of our measures of risk and temptation with the indices proposed in this literature in terms of explaining variation in cooperation rates. We find that, particularly in the Stranger condition, the separation between motives works much better with our measure of risk outperforming all other indices. In a more recent study, Schmidt et al. (2001) also compare the impact of payoff parameters in six different experimental games using two "stranger" designs with exogenous and endogenous matching (where players can choose their match based on the history of play) and one "partner" setting with endogenous matching. They focus on three indices, called "greed", "fear" and "cooperator's gain", which correspond to the numerators of our indices TEMPT , RISK and EFF.
5 Variation in these parameters is low, though, with RISK ranging from 0.5 to 0.71 and TEMPT ranging from 0.1 to 0.29. They find that cooperation rates correlate with all three indices, but do not find systematic differences across their different designs. Other authors have studied similar notions in public good or trust games. Dawes and Thaler (1988) try to disentangle "greed" and "fear" in 7-player public good games. Their treatment manipulation for greed is different from what we call temptation. Snijders and Keren (1999) study the importance of risk and temptation by varying payoff parameters in (one-shot) trust games. They find that potential losses for a truster are important in determining behaviour, which seems to indicate that risk might play an important role in this game.
Two previous meta-studies on the prisoner's dilemma have focused on language and communication. Sally (1995) focuses on early experiments and concludes that decisions are "usually inconsistent with a model of pure self interest" and that language used in the instructions seems to encourage cooperation. Balliet (2010) finds that pre-play (especially face-to-face) communication increases cooperation. To the extent that we interpret communication as reducing strategic uncertainty this is consistent with our results. In an ongoing meta study Embrey et al. (2014) ask whether behaviour in the finitely repeated prisoner's dilemma is consistent with backward induction. They find that the mean time to first defection is predicted well by a "basin of attraction" index which combines elements of risk and temptation.
6
Of course our paper is also related to all the studies contained in our data set, which are listed in Table 12 in Appendix A. Each of these studies have different research questions, but they have in common that they study a prisoner's dilemma satisfying the conditions we outline in the next section.
The paper is organized as follows. In Section 2 we explain how we collected our data and discuss our measures of risk and temptation. In Section 3 we provide some theoretical background. In Section 4 we present our main results. In Section 5 we discuss how they compare to the indices used by Murnighan and Roth (1983) . Section 6 looks at dynamics and Section 7 exploits questionnaire data using subsets of of our full data set for which this additional information is available. Section 8 concludes. Additional tables and figures can be found in an Appendix.
Procedures
We study laboratory experiments on prisoner's dilemma games. In total our data set comprises 89 studies involving more than 3000 participants in experiments conducted in Germany, Japan, the Netherlands, Spain, the UK and the USA. Our data set contains 50 studies from the existing literature published between 1967 and 2013. Our criteria for inclusion are that (i) a (two player) 2x2 prisoner's dilemma is studied (no public good game or similar), (ii) the game is either one-shot or finitely repeated (not indefinitely repeated), (iii) matching is either "Partner", i.e. finitely repeated or "Stranger", i.e. random rematching (no networks etc.), (iv) matching is exogenous, (v) there is no pre-play communication nor other stages, such as punishment, in the game, (vi) choices are incentivized, (vii) the cooperation rate is either reported, data were made available to check it or it could be reasonably inferred from a graph and (viii) the study has been published before or in 2013.
7
We found studies via a keyword search on google scholar and via an e-mail to the ESA discussion group on January 6, 2014. All the studies are listed in Table 12 in Appendix A. Note that often the main treatments of a study don't satisfy our criteria listed above, but there is a control treatment that does.
In addition, we conducted our own lab experiments to cover a larger parameter space (17 studies). In our own experiments we conducted 10 period repeated prisoner's dilemma games in either a Partner or a Stranger setting. We also conducted some one-shot studies on Amazon Mechanical Turk, AMT (22 studies).
8 Lab Studies were conducted between December 2013 -January 2014 at EssexLab at the University of Essex. AMT studies were conducted between November 2013 -January 2014. Figure 1 illustrates the variation in our two variables of interest: RISK and TEMPT for existing studies (Figure 1(a) ), after adding our own lab studies (Figure 1(b) ) and after adding both our own lab studies and studies on AMT (Figure 1(c) ). Figure (1(a) ) illustrates that the variation, especially in terms of the variable TEMPT in the existing literature is not very high. With one exception all studies have values of TEMPT lower than 0.4 and values of RISK higher than 0.2. We added our own 6 There are also some meta-studies on the related public good game. Croson and Marks (2000) focus on threshold public goods and show that higher step returns (analogous to marginal per capita returns in the linear public good game) lead to more cooperation. Zelmer (2003) focuses on the linear public good game and finds that returns as well as framing, communication, partner matchings and the use of children as subjects had a positive effect on cooperation. 7 We do allow for studies in which beliefs were elicited and we allow for asymmetric prisoner's dilemma games as well. Robustness checks show that excluding those would not affect the overall results (see Table 17 in Appendix B.3).
8 In Appendix A we provide some more details about this platform and the characteristics of its users.
lab studies to increase the variation in our parameters of interest. To select payoff parameters for our own studies we partitioned the RISK-TEMPT space ([0, 1] × [0, 1]) into squares of size (0.2) 2 and added our own studies s.t. there is at least one study in each element of the partition. Within these constraints we then selected payoffs arbitrarily preferring "easy numbers" (such as 200) to "difficult numbers" (such as 197.38965). Last, we randomly allocated these games to the lab (Partner or Stranger) or AMT (one-shot). We also conducted some studies in all three conditions: partner, stranger and one-shot. The parameter values used in our own studies are summarized in Tables 10  and 11 in Appendix A. Balancing tests, where we check whether the distributions of RISK and TEMPT are balanced across the partner and stranger settings can be found in Table 13 in Appendix B.2. We will show all our results both including and excluding the AMT studies. Figure 1: Variation in RISK and TEMPT parameters in the existing literature, including our own lab studies and including all studies (existing literature, own lab studies and own AMT studies).
We now proceed to describing our three key variables RISK, TEMPT and EFF defined on the payoff parameters of a symmetric prisoner's dilemma game such as the one in Table 1 , which shows row player payoffs. To define RISK and TEMPT , first note that the expected payoff difference between cooperating and defecting ∆π 
where p ij is the subjective probability with which i believes that j will cooperate.
Temptation (TEMPT)
We measure the extent of temptation the game presents by the percentage gain when unilaterally defecting against a cooperator, i.e. by TEMPT= c−a a+c , which ranges between 0 and 1. The reason to use percentage gains as opposed to an absolute measure as in equation (1) is that we will compare many different studies conducted in different countries with different payoff scales and different exchange rates from experimental to local currency. The percentage measure puts all these studies on the same scale. Note that if there is no temptation (i.e. if a = c or TEMPT= 0), then the Prisoner's dilemma game is a Coordination game with a tradeoff between pareto dominance and risk dominance. If a is negligible compared to c, then there is maximal temptation (TEMPT= 1). In our data the variable TEMPT ranges between 0.03 and 0.83.
Risk (RISK)
The second part of the dilemma is risk. Starting from a situation of mutual defection (with inefficient payoff d) players might want to reach a pareto improvement and move to cooperation. They face the risk, however, that the other player does not do so and that they end up with the "sucker payoff" of b. We measure the extent of risk the game presents by the percentage loss when unilaterally cooperating against a defector, i.e. by RISK=
, which ranges between 0 and 1. If there is no risk (b = d or RISK= 0), then defection is only a weakly dominant strategy. If b is negligible compared to d, then there is maximal risk (RISK= 1). In our data the variable RISK ranges between 0 and 1. The cases where RISK= 1 in our data always have b = 0, which for different values of d may imply quite different levels of potential loss. We will treat those cases with special care below.
Efficiency (EFF) An important consideration for cooperation might also be efficiency, i.e. how much can be gained by mutual cooperation as opposed to mutual defection. We are mostly interested in RISK and TEMPT , because EFF cannot be controlled unilaterally. We use EFF as a control, however, in most regressions. We measure the extent of possible efficiency gains in the game by EFF= a−d a+d , which ranges between 0 and 1. If there are no efficiency gains (a = d), then from a game theoretic viewpoint nothing changes. However, in that case, there seems to be no reason to cooperate as the lowest possible payoff obtainable upon defection is still (weakly) higher than the highest possible payoff obtainable upon cooperation. In our data the variable EFF ranges between 0 and 0.83.
Note that a game with neither risk, nor temptation, nor efficiency concerns, i.e. a game where RISK=TEMPT=EFF= 0 is a trivial game where all payoffs are equal. Hence these three factors (as well as their interactions) must capture everything that is going on in the Prisoner's dilemma. Note also that it is necessary to measure these three quantities using percentage gains or losses. The reason is that we are comparing many different experiments conducted in different countries at different times and in which different payoff parameters and exchange rates between experimental and local currency were used.
Correlation and Balancing Tests Across all our studies the correlation between the three key variables RISK , TEMPT and EFF tend to be not statistically significant. Between RISK and TEMPT the Spearman correlation coefficient is −0.0369 (0.0772 if the AMT studies are excluded), neither of which is statistically significant. Between RISK and EFF the coefficient is −0.0050 (−0.0067), again both insignificant. Between TEMPT and EFF the correlation coefficients are 0.1879 * (0.2312 * ), both weakly significant at the 10 percent level. Figure 4 in Appendix A illustrates the correlation between the RISK , TEMPT and EFF variables across our studies. Balancing tests, where we regress RISK and TEMPT on a partner dummy are reported in Table 13 in Appendix B.2. They show that the whole sample as well as the sub-samples obtained by splitting according to the median RISK and TEMPT are balanced.
For most of the paper we will treat one-shot experiments and Stranger settings together. Both settings have in common that they represent situations where players have no or little knowledge about their opponent and in particular no prior observations on how the opponent might choose. In neither repeated game strategies should play a role and reputation models should not be effective. In fact, the stranger setting is often perceived as a sequence of one-shot games. In Table 19 in Appendix B.3 we conduct a separate analysis for the two settings, which shows very similar results across both settings.
Theoretical Background
To give some intuition to the reader about how RISK and TEMPT affect incentives in Stranger/oneshot and Partner settings we consider the following simple model. Assume agent i gets utility u i (a i ) from taken action a i ∈ {C, D} given by
where θ i ∈ {0, θ} denotes agent i's type and g(θ i , a i ) is a function satisfying g(0, a) = 0 and g(θ) := g(θ, C) − g(θ, D) ≥ 0. The function g reflects the fact that θ-types may have additional motivations to cooperate such as altruism, warm glow or others. We denote agent i's prior on the probability that her opponent j is of type θ by Pr i (θ j = θ) = p ij .
Stranger/one-shot settings The stranger and one-shot settings aim to capture interactions where people have no prior experience nor knowledge about their opponent and hence face a large amount of uncertainty about his/her type. If we assume that people resolve this uncertainty by using the most pessimistic among multiple priors (Gilboa and Schmeidler (1989) ), then we can write the difference in expected utility between cooperating and defecting as follows
Hence a θ-type will cooperate in this setting whenever
A 0-type on the other hand will always choose defection in this setting.
Partner setting The partner (repeated) setting involves more trade-offs. Here, people can potentially learn about the type of their opponent θ j . They also have a larger strategy set available. To give some intuition we focus on the following strategy set S = {GT, M GT, 2M GT, 3M GT, ..., allD}, where GT denotes grim-trigger, i.e. the strategy that starts out by cooperating and switches to forever defecting as soon as the opponent defects once. MGT ("mean grim trigger") denotes the (0-type's) best response to grim trigger in the finitely repeated game, which is to cooperate in all rounds, but the last one. 2MGT denotes the (0-type's) best response to MGT (cooperate in all rounds but the last two) etc. and "allD" denotes the strategy that chooses always defection. We will show conditions for an equilibrium with cooperation where the θ-type plays GT and the 0-type MGT. For each type equilibrium will require that she does not prefer deviating to another strategy in S and that she does not have incentives to deviate from her strategy to refine her prior p ij . These requirements then imply that for the θ-type the following needs to hold
For the 0-type we need the following condition
We denote the ratio
by PA and will include it in the regressions in Section 5. Proofs for the claims made can be found in Appendix B.1. The take-away message from this section is that, under the assumptions made, incentives are driven by RISK in the Stranger and one-shot settings, while both RISK and TEMPT play a role in Partner settings.
Results: Average Cooperation Rates
Our first set of results presented in this section uses information from all the 89 studies contained in our data set. Those are all the studies listed in Tables 10, 11 and 12 in Appendix A, in all of which the average cooperation rate is available. If the study consists of only one game (one-shot or finitely repeated), then the average cooperation rate we use is the average in that game. If the study consists of multiple repetitions of the same game with random rematching in between (as e.g. in Andreoni and Miller (1993) ), then we use the average cooperation rate in the last match. We always average across all participants and all rounds in this section. The average cooperation rate thus computed ranges between 0.04 and 0.84 in the Stranger and one-shot treatments with a mean of 0.37. In the Partner experiments it ranges between 0.17 and 0.58 with a mean of 0.39. Stranger We start by analyzing the "Stranger" condition, that is meant to capture interactions where people have no experience with their opponent. Table 2 shows the results of simple OLS regressions of the average cooperation rates on our variables of interest: RISK, TEMPT, EFF and interaction terms. Columns (1) and (4) includes the whole sample of Stranger studies, but in columns (2), (3), (5) and (6) we omit the studies with RISK= 1. The reason is that, as discussed above, RISK= 1 are all studies where b = 0 (see Table 1 ). This implies that the RISK index will equal one but the associated loss can be very different. 9 In Appendix B.3, instead of omitting these studies we set b to a non-zero value and show that all results we present below are robust to this change (Table  16 ). Columns (2), (3), (5) and (6) further differ according to whether the AMT studies are included (columns (2) and (5)) or excluded (columns (3) and (6)) and to whether the interaction terms are included (columns (2) and (3)) or not (columns (5) and (6)).
Columns (2)- (6) consistently show that higher RISK implies lower cooperation rates. The variable TEMPT , by contrast, does not have any statistically significant impact on cooperation rates in these studies and the coefficient size is generally very small (columns (3)- (6)). If in column (5) we restrict only to studies where RISK is zero (those are 5 studies), then TEMPT is statistically significant with a coefficient of −0.1922 * . These results show that in anonymous or one-shot interactions participants seem to focus on the risk inherent in the dilemma when making their choice. When there is no risk, then temptation matters. The consideration of risk, however, seems to overpower any consideration of temptation or efficiency in these interactions. This is consistent with the theoretical reasoning given in Section 3.
Also the variable EFF and all interaction terms are statistically insignificant in all specifications (1)-(6), except for column (4), where RISK= 1 studies are included. This suggests that the impact of RISK is the same across the whole range of the variables TEMPT and EFF and that, converselyapart from the extreme case just discussed (where RISK= 0) -the TEMPT or EFF variables have no significant impact on cooperation rates for the entire range of the variable RISK . To interpret these results it is useful to know whether these variables are correlated across the stranger treatments. It turns out that none of them are. The spearman correlation coefficient between RISK and TEMPT is −0.0440, between RISK and EFF it is 0.0538 and between TEMPT and EFF it is 0.0802. None of these is significant at the 10 percent level.
To sum up, RISK is the dominant factor explaining variation in average cooperation rates in "Stranger" settings. The results are illustrated in Figure 2 (a), which shows data points as well as a simple OLS regression of average cooperation rates on RISK (coefficient: −0.405 * * * ) or TEMPT (coefficient: −0.105).
Robustness tests In Appendix B.3 we show that the results are robust when we use weighted regressions, where we weigh our studies by the number of independent observations they contain (Tables 14 and 15 ). Results are also robust to different ways of dealing with the RISK= 1 cases (Table 16) , are robust to dropping some studies with "special" details, such as studies were beliefs were elicited or studies that were paper-based (Table 17) , the main effects appear both in games where mutual cooperation is efficient (2a > c + b) and cases where alternating between outcomes (C,D) and (D,C) is efficient (Table 18 ) and they appear when separating out the one-shot studies from the Stranger studies with > 1 periods (Table 19 ).
Partner Table 3 shows the results for the Partner treatments. These regressions have less power than those in Table 2 , since the number of Partner studies in our data set is smaller. We include all studies in columns (1) and (3) and exclude those where RISK = 1 in columns (2) and (4). The variable RISK is not statistically significant in any of our specifications (1)-(4). Furthermore the coefficient size in columns (3) and (4) in Table 3 is much smaller than that of the corresponding columns (4)-(6) in Table 2 . Temptation seems to be an issue, however, in Partner studies. The variable TEMPT is statistically significant with a substantial coefficient size.
As in the Stranger condition interaction terms are largely insignificant with the exception of the interaction EFF x TEMPT in column (2).
10 These two variables are pairwise strongly correlated in the partner treatment with a Spearman coefficient of 0.4328 * . This correlation can explain the drop in coefficient as we move from column (2) to columns (3)-(4). RISK is not significantly correlated with either TEMPT or EFF (Spearman coefficients: −0.0107 and −0.2358, respectively). Figure Partner vs Stranger In Table 4 we ask whether contributions are higher in "partner" or "stranger" settings. Existing research on this question has delivered mixed results (see the survey by Andreoni and Croson (2008) ).
11 In Table 4 we regress average cooperation rates on a dummy indicating whether the study is a "partner" study. We partition our sample into four sub-samples according to the median RISK and median TEMPT. Column (1) shows studies with below median RISK and below median TEMPT , column (2) with above median RISK and below median TEMPT , column (3) with below median RISK and above median TEMPT and in column (4) both RISK and TEMPT are above the median. Balancing tests, which show that the distributions of RISK and TEMPT are balanced across these sub-samples can be found in Table 13 in Appendix B.2. Table 4 shows that there are no significant differences between partner and stranger settings except for the case where RISK is high and TEMPT is small (column (2)). In these cases the partner setting is able to generate cooperation rates which are 16 percentage points higher than the stranger setting. The partner setting seems effective at disciplining behaviour in the presence of high RISK only as long as TEMPT is not too high. In all other cases (columns (1), (3) and (4)) the coefficient on the partner dummy is small and statistically insignificant.
Time Horizon We next ask how the impact of RISK and TEMPT is affected by the time horizon T. Reputational models, such as e.g. Kreps et al. (1982) , predict that a longer time horizon is more effective in curbing temptation, simply because with a longer horizon agents have more to gain by establishing a reputation as cooperative types (see also Mengel (2014) ). Table 5 shows the results of regressions where we regress average cooperation rates on our variables of interest RISK , TEMPT and EFF as well as interactions with T. The length of the horizon T ranges between 1 and 100 in the Stranger treatments (with a median of 10) and between 5 and 25 in the Partner treatments (with a median of 10). According to reputational theories we would expect a positive coefficient on the interaction TEMPT x T in the partner treatments (columns (3) and (4) find (column (4)).
12 Existing theories do not make much of a prediction on the role of the horizon in Stranger treatments. We do find a small and negative coefficient on RISK x T (column (2)) which is marginally statistically significant (p = 0.100). We summarize the results discussed in this section as follows
Result 1
• Variation in average cooperation rates in Stranger treatments is best explained by RISK , while TEMPT best explains variation in cooperation rates in Partner treatments.
• Consistently with reputational models, TEMPT is less detrimental in partner settings the longer the horizon of the game T.
• There is more cooperation in Partner settings if and only if RISK is high and TEMPT is low.
Results: Other Indices
In this section we compare our measures RISK and TEMPT to a number of different indices based on payoff parameters that have been used in the literature, notably by Murnighan and Roth (1983) who discuss 10 different indices used previously in the literature. 13 Most of these indices have been motivated not by disentangling risk and temptation, but by creating an index of all payoff parameters that "summarizes" incentives in the Prisoner's dilemma. Typically these indices contain aspects of all three: RISK,TEMPT and EFF, but with different emphasis.
Indices R1 both measure temptation relative to efficiency (E1) or relative to the difference between the value of mutual cooperation compared to unilateral cooperation (E2). Finally, indices
the "control one has over one's own outcomes" (K1), the "fate control" one player has over another (K2), the "behavioral control" of one over the other (K3) and the "overall level of outcomes in the game" (K4). The labels are adopted from Murnighan and Roth (1983) .
We ask whether any of these measures provides a better explanation of the variation in cooperation rates observed. We start with the Stranger condition, where we have found above that the variable RISK can explain variation in cooperation rates well. Table 6 shows the results of regressions, where we regress average cooperation rates on our variables RISK , TEMPT and EFF (as in column (5) of Table 2 ) and add across columns (1)-(10) one each of the ten indices described above.
14 The table shows that the variable RISK is statistically significant at the 1% level in all columns (1)-(10) and the coefficient on RISK ranges between −0.275 to −0.396 irrespective of which other variables are included. Once RISK is included in the regression, not only are TEMPT and EFF not significant, but also none of the ten indices discussed by Murnighan and Roth (1983) can explain variation in cooperation rates in the Stranger setting.
Results are a bit less clear-cut in the Partner settings. Table 7 shows the results of regressions, where we regress average cooperation rates on our variables RISK , TEMPT and EFF (as in column (4) of Table 3 ) and add across columns (1)-(10) one each of the ten indices described above. As we have found in Section 4, TEMPT best explains variation in cooperation rates in these settings. The variable TEMPT is statistically significant in half of the regressions (in columns (2), (4), (7), (8) and (10)). Some indices used by Murnighan and Roth (1983) , however, seems to explain the variation in cooperation rates better than the variable TEMPT. Those are in particular the indices R1, R2 and R4, that all involve the difference between temptation and sucker payoff in the denominator and measure the value of cooperation (R1 and R2) and temptation (R4) in the numerator. R1 and R2 affect cooperation rates positively and R4 negatively, as one would expect. Interestingly, also the index PA derived in Section 3 is significant. Hence both temptation and efficiency seem important in this setting. The reader should also note the lower number of observations in this case, which is potentially contributing to a less clear-cut picture than in the Stranger setting.
Result 2 RISK explains variation in average cooperation rates in Stranger treatments over TEMPT , EFF and ten measures from the literature. In Partner settings RISK does not explain variation in cooperation rates, but TEMPT , PA and three indices from the literature (R1, R2 and R4) do.
13 Their eleventh index involves the discount rate in indefinitely repeated games and is hence not applicable. 14 Adding all of them simultaneously would lead to considerable over-fitting in our sample of 46 observations.
(8) TEMPT , EFF as well as indices mentioned by Murnighan and Roth (1983) . Stranger treatments.
(1)
(8) TEMPT , EFF as well as indices mentioned by Murnighan and Roth (1983) . Partner treatments.
Results: Dynamics
We ask whether RISK and TEMPT differentially affect the dynamics of cooperation. This section relies on data from all the studies on the 10-period repeated prisoner's dilemma (either partner or stranger) for which full data sets could be obtained. Those studies are all our own lab studies (see Table 10 ) as well as the studies by Andreoni and Miller (1993) , by Bereby-Meyer and Roth (2006), by Cooper et al. (1996) and by Normann and Wallace (2012) . The resulting data set contains 5100 observations of 510 participants who participated in 22 different studies or treatments. Figure 3 shows the dynamics in four cases of interest: (i) below median RISK and TEMPT ( figure  3(a) ), (ii) below median RISK and above median TEMPT ( figure 3(b) ), (iii) above median RISK and below median TEMPT (figure 3(c)) and (iv) above median RISK and TEMPT ( figure 3(d) ). Cooperation rates are decreasing over time in all cases (see also regression table 20 in Appendix B.4). In terms of the comparison between partner and stranger, the dynamic results obtained are consistent with the results obtained on average rates. The only significant difference between partner and stranger occurs in the cases where RISK is high and TEMPT is low ( figure 3(c) ).
Result 3 Cooperation rates are decreasing over time in both the Stranger and Partner conditions
and for all levels of RISK and TEMPT.
Results: Questionnaire Data
This section exploits data from all the studies where the full questionnaire including our variables of interest are available. Those studies are our own 17 studies listed in Table 10 in the Appendix. This section contains two separate pieces of analysis. First, in subsection 7.1 we look at gender differences in cooperation. Second, in subsection 7.2 we analyze questionnaire data on how much risk and temptation participants perceived in the prisoner's dilemma they played.
Gender
There is a substantial literature on gender differences in cooperation behaviour, which, partly due to selective reporting issues, has remained inconclusive so far. Gender effects in the prisoner's dilemma have been studied by psychologists and some economists with about equally many studies showing that men cooperate more, women cooperate more or that there is no statistically significant difference (see the literature surveyed in Croson and Gneezy (2009) Table 8 regresses the average individual cooperation rate (across the ten periods played) on a gender dummy interacted with RISK and TEMPT . Columns (1)- (2) show stranger treatments and columns (3)-(4) partner treatments. Columns (1) and (3) include interactions and columns (2) and (4) don't. The table shows that on average across our games there is no gender difference in cooperation rates (columns (2) and (4)). Women are, however, more cooperative than the average man if RISK is low and less cooperative if RISK is high (above 0.7 approximately in the stranger and above 0.9 in the partner condition). This is consistent with women being more risk averse (Eckel and Grossmann (2008) ; Dohmen et al. (2011) ) and can be one possible explanation for the contradictory findings in the existing literature, which are usually based on one set of parameters only.
Result 4 Women cooperate more than the average man if RISK is low and less if RISK is high.
There is no statistically significant gender difference on average.
Perception of Risk and Temptation
In this subsection we exploit questionnaire answers on how much risk and temptation participants perceived in the game they played to see whether perceptions correlate with cooperation rates and our indicators of risk and temptation RISK and TEMPT . In particular we asked participants in a postexperimental questionnaire how strongly (on a scale from 0-8) they agree to each of the following statements:
R1 "The game we played is all about risk" T1 "I was often tempted to choose B (defection)" R2 "I was worried to choose A (cooperation) because the other participant might not"
T2 "The game we played is all about resisting temptation"
We then average their indicated agreement to the two risk (temptation) statements R1 and R2 (T1 and T2) to create an indicator of their risk (temptation) Table 9 : Individual cooperation rates regressed on perception of RISK and TEMPT as well as actual RISK and TEMPT . Random Effects OLS regressions (3 observations dropped in partner condition, because of missing questionnaire answers). Table 9 shows the results of regressions where we regress the average individual cooperation rate on the variables RISK , TEMPT , (and in columns (1) and (3) EFF ) as well as the indicators for risk and temptation perception. The regressions for the stranger treatments (columns (1) and (2)) confirm results from before also in this sub-sample: RISK is strongly detrimental to cooperation rates, while there is no statistically significant impact of TEMPT . Risk perception also has a negative effect on cooperation rates on top of the actual value of RISK in the game. Interestingly, also temptation perception affects cooperation rates negatively. Hence those participants who perceive more temptation in the game do cooperate less.
16 If TEMPT is not able to explain the variation in cooperation rates in the Stranger condition, then this could be because most participants are focusing on the risk component in the game or because the TEMPT index does not correlate well with the concerns expressed in statements T1 and T2. For the partner condition (columns (3) and (4)) we find, as expected, that TEMPT matters, but the perception of temptation has an additional negative effect on cooperation rates.
We also ask whether RISK and TEMPT as measured via the payoff variables are related to perceptions of risk and temptation expressed in the post-experimental questionnaire. To answer this question we regress measured perception of risk and temptation on RISK or TEMPT , respectively. Table 21 in Appendix B.5 shows the results for the Stranger treatments. The table shows that if RISK is higher, then participants express a higher perception of risk in the post experimental questionnaire. This effect is particularly strong (and only statistically significant) if TEMPT is "small" (below the median). Perception of temptation in the stranger setting is generally lower and does not co-vary with the indicator TEMPT . Table 22 in Appendix B.5 shows the results for the partner treatments. In the partner condition risk perception is not significantly affected by the level of RISK in the game. Temptation perception, on the other hand, does co-vary with TEMPT. Taken together this evidence suggests, that participants focus on one of the two aspects of the game. TEMPT seems the dominant factor in the partner condition (where it also co-varies with temptation perception), possibly because participants feel that RISK can be controlled via the repeated interaction. In the stranger condition, on the other hand RISK seems the dominant factor. If participants perceive temptation it does lead to lower cooperation rates (Table 9 ), but most participants seem to be focused on the risk dimension in this game (Table 21) . We summarize our results as follow.
Result 5 Temptation perception is positively correlated with TEMPT only in the Partner condition and negatively correlated with cooperation rates in both the Stranger and Partner condition. Risk perception is positively correlated with RISK and negatively correlated with cooperation rates only in the Stranger condition.
Conclusions
We conducted a meta-study of 89 prisoner's dilemma treatments with more than 3000 participants across 6 countries. We focused on two dimensions of the dilemma: "risk" (the percentage loss of unilaterally cooperating against a defector) and "temptation" (the percentage gain of unilaterally defecting against a cooperator). While risk explains variation in cooperation rates across random matching ("stranger") and one-shot treatments, temptation explains the variation in repeated ("partner") interactions. Consistently with reputational models (Kreps et al. (1982) ) temptation is more effectively curbed in the Partner setting, the longer the time horizon of the game. These results are useful for discriminating between competing theories of why agents cooperate. For policy making, it is useful to see which dimension of the dilemma (risk or temptation) is best targeted to yield improved cooperation rates. Our results can also contribute to understanding seemingly conflicting results in the existing literature. In terms of the "partner vs stranger" debate (Andreoni and Croson (2008) ), we found that there is more cooperation in partner than stranger if and only if risk is high and temptation low. In terms of the debate on gender differences in altruism (Croson and Gneezy (2009)), we found that women are more cooperative than the average man if risk is low, but less cooperative if it is high. We also found that there are no gender differences on average. The fact that both these comparisons are mediated by the RISK and TEMPT measures can explain why previous literature (usually relying on one set of parameters) has found such mixed results. Table 10 shows the payoff parameters from our own lab studies. Table 11 shows the payoff parameters of our AMT studies and Table 12 shows the studies from the existing literature we use together with some key statistics. The column "details" in Table 12 (250, 5, 750, 95) (250, 50, 750, 150) (250, 100, 750, 160) (10, 2, 110, 3) (10, 1, 110, 9) (150, 50, 850, 100) (250, 50, 750, 150) (400, 100, 600, 120) (400, 100, 600, 200) (400, 100, 1200, 120) (400, 100, 1200, 200) format (a, b, c, d) ) of AMT studies, which are all one-shot games.
Online Appendix

A Details on Studies in Data Set
We provide some more information on the AMT platform. AMT is an online labor market in which employers can employ workers to complete short tasks (generally less than 10 minutes) for relatively small amounts of money (generally less than 1 US dollar). One major advantage of AMT is it allows experimenters to easily expand beyond the college student convenience samples typical of most economic game experiments. Among American subjects, AMT subjects have been shown to be significantly more nationally representative than college student samples (Buhrmester et al. (2011) ). Running experiments online necessarily involves some loss of control, since the workers cannot be directly monitored as in the traditional lab; hence, experimenters cannot be certain that each observation is the result of a single person (as opposed to multiple people making joint decisions at the same computer). Moreover, although the sample of subjects in AMT experiments is more diverse
Partner Periods Other Details Rapoport and Dale (1967) (1, −10, 10, −5) 1 25 all male Rapoport and Dale (1967) (5, −10, 10, −5) 1 25 all female Andreoni and Miller (1993) (7, 0, 12, 4) 1 10 Andreoni and Miller (1993) (7, 0, 12, 4) 0 10 Andreoni and Varian (1999) (6, 0, 8, 3) 0 15 asymmetric Andreoni and Varian (1999) (7, 0, 11, 4) 0 15 asymmetric Frank et al. (1993) (2, 0, 3, 1) 0 1 paper based Cooper et al. (1996) (800, 0, 1000, 350) 0 10 (avg of 2 groups) Cooper et al. (1996) (800 Table 12 : Studies from existing literature used in the paper sorted by year of publication. Partner is zero if matching is one-shot or stranger (and one if partner). Studies with special "other details" as well as AMT studies are identified by a dummy.
than samples using college undergraduates, we are obviously restricted to people that participate in online labor markets. To address these potential concerns, recent studies have explored the validity of data gathered using AMT (for an overview, see Rand (2012) ). Suri and Watts (2011) , e.g., find quantitative agreement in contribution behavior in a repeated public goods game between experiments conducted in the physical lab and those conducted using AMT with approximately 10-fold lower stakes (see also Horton et al. (2011) ). It has also been shown that AMT subjects display a level of test-retest reliability similar to what is seen in the traditional lab on measures of political beliefs, self-esteem, Social Dominance Orientation, and Big-Five personality traits (Buhrmester et al. (2011) ) as well as belief in God, age, gender, education level and income (Rand (2012) ). Hence we are confident that our measures obtained on AMT are at least somewhat representative. However, for our main results we always demonstrate that they are robust to excluding the AMT studies. Figure 4 illustrates the correlation between RISK and TEMPT on the one hand and EFF on the other hand. As discussed above these variables are largely uncorrelated. B Additional Results
B.1 Additional theoretical background
We derive the conditions provided for the Partner setting in Section 3. For the 0-type we need to show (i) that she prefers to choose MGT over 2MGT and (ii) that there are no incentives to deviate in order to learn about p ij . Condition (i) requires that
where T denotes the length of the game. Note that we are not using a discount-factor here, which seems reasonable given the typical horizon in an experiment and the fact that participants are only paid after the experiment is finished. Including a discount-factor would not affect the conclusions we draw from this analysis. The condition above reduces to the condition given in Section 3
There are no incentives to experiment to learn, because both types are indistinguishable until period T-1. For the θ-type the following condition needs to be satisfied in order not to switch to MGT:
This equation reduces to the equation given in Section 3
B.2 Balancing Tests
We regress our variables of interest RISK and TEMPT on a partner dummy to see whether the settings are balanced in terms of the mean of these variables. Results are reported in Table 13 . We also illustrate the cumulative distributions in Figure 5 . 
B.3 Additional Tables: Robustness Checks Average Rates Regressions
The tables collected in this section all show different robustness checks for our regressions based on average rates (Tables 2 and 3 in the main text). Table 14 shows the results of a weighted regression where we weigh the different studies by the number of independent observations they contain. We were able to obtain this information for all studies except for six studies in the Stranger condition. For five of them we set the to the mean weight of all remaining studies (0.014). The sixth one was a study conducted with the strategy method and we set the weight proportional to N cond where N was the number of participants and cond the number of different conditions participants had to indicate their choices for. This resulted in a weight of 0.008 for this study. The table shows that results are robust. RISK is the predominant factor explaining the variation in cooperation rates in Stranger settings. Table 15 shows the weighted regressions for the Partner treatment. Here the number of independent observations was known except for one study, where we set the weight to the average weight (0.052). The results are again qualitatively robust. TEMPT emerges as the dominant factor explaining variation in cooperation rates. Compared to Table 3 we see substantially higher values of R2 here and we see a significant interaction effect EFFx TEMPT suggesting that the extent of temptation is mediated by possible efficiency gains of joint cooperation. Table 16 shows a different way of dealing with studies where RISK= 1 as a consequence of b = 0. Instead of dropping those studies, here b is set to 1 (if d < 100) or 10 (if d > 100) which generates values of RISK< 0.9. Columns (1)- (4) show results for the Stranger condition. Columns (1) and (3) contain all studies and columns (2) and (4) omit the AMT studies. Columns (5)- (6) show the results of the Partner condition. It can be seen that results are very robust. In the Stranger condition only RISK is statistically significant with a coefficient of around −0.3 as in Table 2 . In the Partner condition RISK is not statistically significant, but instead TEMPT is with a coefficient size of about −0.25.
In Table 17 we drop studies with "special" details, e.g. where beliefs were elicited or were only women or men participated or studies that were conducted on AMT or were paper-based. These "special" details are listed in Table 12 . Eliminating these studies reduces the sample size (and hence Table 18 shows the result of regressions, where we split the sample by whether joint cooperation or alternating between outcomes (C,D) and (D,C) is efficient i.e. whether b + c ≤ 2a. Due to the smaller number of observations in the Partner condition, we conduct this analysis only for the Stranger condition. Columns (1) and (3) show the cases where mutual cooperation is efficient and columns (2) and (4) where alternating is efficient. The results, particularly across columns (3) and (4) look very similar and in line with the results seen before.
In Table 19 we separate the one-shot and Stranger treatments. The results across these conditions are very similar. RISK is the predominant variable explaining variation and in the model without 
B.4 Additional Tables: Dynamics
In this subsection we present additional evidence regarding the dynamics of play across the ten periods (see Section 6). Table 20 shows the results of regressions where we regress the binary choice to cooperate on period (1,...,10) a "partner-dummy" indicating partner matching and the interaction of the two (columns (1), (3), (5) and (7)). The sample is split according to whether RISK and TEMPT are above or below median. The interaction between the partner dummy and period is rarely significant. Only when RISK is high and TEMPT small (column (5)) a marginally significant difference in dynamics between partner and stranger can be detected. Not only do partners cooperate significantly more in this case (columns (5) and (6)), cooperation rates also seem to decline less steeply in the partner compared to the stranger setting.
(1) 
B.5 Additional Tables: Questionnaire Data
To answer this question we regress measured perception of risk and temptation on RISK or TEMPT , respectively. Table 21 shows the results for the Stranger treatments. Column (1) shows that if RISK is higher, then participants express a higher perception of risk in the post experimental questionnaire. This effect is particularly strong (and only statistically significant) if TEMPT is "small" (below the median), as columns (2) and (3) demonstrate. Columns (4)- (6) show that the perception of temptation is generally lower at a level of about 4.5 (out of 7). Furthermore it does not co-vary with the indicator TEMPT . There are at least two possible explanations for this. One is that participants are focused on risk (RISK ) and not on temptation (TEMPT ) in the Stranger condition. This is consistent with the evidence in the previous sections. Another explanation is that our measure of temptation TEMPT is not a good measure of temptation as expressed by questionnaire questions T1 and T2. Our evidence from the Partner treatment speaks against the latter explanation. Table 22 shows the results for the partner treatments. In the partner condition risk perception is not significantly affected by the level of RISK in the game (columns (1)-(3) ). Temptation perception, on the other hand, does co-vary with TEMPT and is higher than in the Stranger condition (as soon as TEMPT exceeds 0.2). Taken together this evidence suggests, that participants focus on one of the two aspects of the game. TEMPT seems the dominant factor in the partner condition (where it also co-varies with temptation perception), possibly because participants feel that RISK can be controlled via the repeated interaction. In the stranger condition, on the other hand RISK seems the dominant factor. If participants perceive temptation it does lead to lower cooperation rates (Table 9 ), but most participants seem to be focused on the risk dimension in this game (Table 21) . 
C Instructions Own Lab Experiments -Stranger treatments
Welcome and thanks for participating at this experiment. Please read these instructions carefully.
They are identical for all the participants with whom you will interact during this experiment.
If you have any questions please raise your hand. One of the experimenters will come to you and answer your questions. From now on communication with other participants is not allowed. If you do not conform to these rules we are sorry to have to exclude you from the experiment. Please do also switch off your mobile phone at this moment.
For your participation you will receive 2 pounds. During the experiment you can earn more. How much depends on your behavior and the behavior of the other participants. During the experiment we will use ECU (Experimental Currency Units) and at the end we will pay you in pounds according to the exchange rate 1 pound = 300 ECU. All your decisions will be treated confidentially.
THE EXPERIMENT
The experiment consists of 10 periods. At the start of each period you will be randomly matched with another participant. You will then in each period play the following game with the participant you were matched with in that period. At the end of each period you will be informed of your choice, the choice of the other participant and your payoffs in that round.
Keep in mind that the other participant you are matched with changes in each period.
After the last period has been completed you will be asked to fill in a short questionnaire.
Your earnings in the experiment will be the sum of payoffs obtained in each round (exchanged into pounds according to the exchange rate above) plus the 2 pound show up fee.
Enjoy the Experiment! D Instructions Own Lab Experiments -Partner treatments
Welcome and thanks for participating at this experiment. Please read these instructions carefully. They are identical for all the participants with whom you will interact during this experiment.
THE EXPERIMENT
The experiment consists of 10 periods. At the beginning of the experiment you will be randomly matched with another participant. You will then in each period play the following game with the participant you were matched with. At the end of each period you will be informed of your choice, the choice of the other participant and your payoffs in that round.
Keep in mind that the other participant you are matched with stays the same in each period.
Enjoy the Experiment!
